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FOREWORD 
The work accomplished to generate the information enclosed in this 
report  was performed under Contract NAS 8-20158 by the SPS 
Laboratories of Standard Pressed Steel Company, Jenkintown, 
Pennsylvania. 
Mr. Edward F. Gowen, Jr. is Program Manager for SPS Laboratories 
with technical project coordination directed by Mr. James J. Clackin. 
The work was under the technical direction of Mr. Carl  M. Wood of the 
Manufacturing Research and Technology Division, Manufacturing 
Engineering Laboratory, MSFC. 
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ABSTRACT 
This report represents the completion of Phase I for Contract 
NAS8-20158. 
of beryllium for high strength blind and semi-blind fasteners. 
This phase w a s  conducted to determine the feasibility 
The investigation covered the history of beryllium fasteners and 
materials, the present state-of-the-art in the production of beryllium 
fasteners and problem a reas  that m a y  be encountered in the production 
of beryllium fasteners. 
The investigation showed that  semi-blind and blind fasteners of 
beryllium are feasible wi th  ultimate strength on the order of 75 ,000  psi 
and shear strengths on the order of 65,000 psi. A planned approach for 
the development of these fasteners is presented. 
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SECTION I 
INTRODUCTION 
This contract w a s  initiated to find possible weight  reductions for the 
Saturn V Thrust Structure through the use of l ight weight, high strength 
materials for mechanical fasteners. The material chosen for investi- 
gation was beryllium a s  high strength fasteners of titanium and steel w e r e  
well covered in other work conducted for the National Aeronautics and 
Space Administration. 
Beryllium has the structure advantages of a high strength-to-weight ratio, 
a high Young's Modulus and high fatigue life. 
material a r e  the low ductility and attendant notch sensitivity, poor crack 
propagation characteristics and high initial cost. The high cost of weight 
on aerospace vehicles makes it imperative that beryllium be investigated 
for use a s  structural fasteners. 
The disadvantages of the 
This program w a s  initiated to investigate the usage of beryllium fasteners. 
The approach to the program is in four phases: 
Phase I - Feasibility, Study 
Phase 11 - Development - 
Phase 111 - Evaluation of Beryllium Alloys 
Phase IV - Fabrication and Testing 
The first  phase, which has been completed and the  results of which a r e  
included in this report, was to run a feasibility study on the use of 
beryllium for high strength blind and semi blind fasteners. 
goals of the finished fasteners were: 
The property 
Ultimate Strength - 75,000 psi 
Shear Strength - 
Endurance Strength @ 10 65s Oo0 zsi Cycles - 45,000 psi 
The feasibility study itself w a s  broken down into: 
Beryllium Fastener History 
Production of Beryllium Fasteners - Present State-of-the-Art 
Problem Areas and Planned Approach for Solving Problem Areas 
The availability of each, practices, specifications, problems, and suggestions 
for solving the problems were all noted a s  part of the study. 
Subsequent phases w i l l  be covered with the development of semi-blind and 
blind fasteners, the evaluation of the best available beryllium grades for 
these fasteners, and finally the fabrication and testing of a production size 
lot of the developed beryllium bolts. 
1 
SECTION I1 
~ 
BERYLLIUM FASTENER HISTORY 
The first research on mechanical fasteners of beryllium material was 
conducted at SPS Laboratories during 1957-1958. 
itself wi th  thread properties of a limited amount of commercially 
pure beryllium. 
fasteners which were being used in  great quantities a t  that time. 
was no better beryllium rod stock for fasteners than the commercially 
pure beryllium available a t  that time. 
This work concerned 
This w a s  a natural projection from titanium mechanical 
There 
Early in 1959, the Fabrication and Components Branch in the Manufacturing 
and Materials Technology Division of AMC Aero. Systems Center, Wright- 
Patterson A i r  Force Base, Ohio took an interest in the possibilities of using 
beryllium for  light weight fasteners. 
the subsequent award of a beryllium fastener development contract to SPS 
Laboratorie s. 
A Request for Proposal w a s  issued wi th  
The result  of this contract, AF33(600)-39728, was Report No. AMC TR60-7-80? 
showing the successful development of hexagon head shear bolte and their mech- 
anical properties. These properties were used to establish the t a rge t  properties 
for this program. The beryllium materials used in the Air  Force program were 
provided by Beryllium Corp. and Brueh Beryllium. 
The next program on beryllium fasteners w a s  SPS Laboratories' in-house 
financed work which resulted in SPS Laboratories Report No. 397, "Beryllium 
Shear Bolts Flush Head BFT 12 and BFH 12 Protruding Head BHS 12 40,000 PSI 
Minimum Shear Strength". 
were presented on three heats of beryllium material. 
ratio of theee bolte w a s  over 1,100,000 psi/pound/cubic inch in tensile and 
almost 1,000,000 psilpoundlcubic inch in shear. 
ceeded those of available 4A1-4Mn titanium and alloy steel bolts. 
and steel have moved to higher strengths since 1961 and a r e  again ahead of 
be r y Ilium. 
Data on hexagon head and looo flush head shear bolts 
The strength-to-density 
These strength values ex- 
Both titanium 
After the 1961 work very little research and development work in beryllium 
fasteners w a s  conducted, 
SPS K-2 Lntbricant w a s  found to be a very eucceeeful anti-gallant and lubrication 
for the tightening of beryllium nut and bolt combinations. Some production 
quantities of fasteners were sold for nuclear engines and the Agena B Pro- 
gram, but not much else was accompliehed. Current beryllium structural test  
programs have not included beryllium fasteners for their weight saving 
capability primarily due to high cost and non-availability of a variety of bery- 
llium structural fasteners. 
Some work was done on tapping beryllium nutr and 
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SECTION III 
PRODUCTION O F  BERYLLIUM FASTENERS 
PRESENT STATE-OF- THE-ART 
A study was conducted to determine the present state-of-the-art in 
producing beryllium fasteners w i t h  reliable properties. The areas 
investigated during the  study were beryllium suppliers and materials, 
beryllium fastener manufacturer 8 ,  manufacturing procedures and tests 
to  determine the reliability of a fastener. 
A. BERYLLIUM SUPPLIERS 
At present, there a r e  four companies capable of producing beryllium 
materials for fastener fabrication. These companies are:  
1. 
2. 
3. 
4. 
Berylco Corporation (Be rylco) 
Hazelton, Pennsylvania 18201 
The Brush Beryllium Company 
17876 St. Clair Avenue 
Cleveland, Ohio 441 10 
Beryllium Metals and Chemical Corp. (Bermet) 
500 Fifth Avenue 
New York, New York 10036 
A subsidiary of Lithium Corp. of America 
General Astrometals Corp. 4 
320 Yonkers Avenue 
Yonkers, New York 10701 
B. BERYLLIUM MATERIALS 
ium Bolt Program in 1 During the course of the A i r  Force Beryl 60 , 
Berylco and Brush both supplied special grades which could be forged and 
thread rolled. 
90,000 psi  ultimate tensile and 65,000 psi shear strengths. 
These had base material properties of approximately 
Since the A i r  Force Program, neither Berylco nor Brush have concentrated 
any effort in the development of an improved beryllium fastener material 
primarily because a demand did not exist. Furthermore, Berylco indicated 
that they could not guarantee to duplicate the same material previously 
evaluated. 
while Bermet and General Astrometals were willing to quote on a best efforts 
basis. 
Brush expressed that they could guarantee the shear strength . 
3 
Bermet had little history in high strength structural beryllium, but to be 
considered for this program they went into a development program in con- 
junction with Nuclear Metals, divieiop of Textron, Inc. West Concord, Mass. 
Three grades were to be extruded from 1 1 /2 inch diameter by 6 inch long 
billets. Twenty-two to one reduction ratios were used to get to f i n a l  stock 
s ize  of .290. One foot samples of each of two grades would be supplied to 
SPS Laboratories, the third grade was dropped. 
General Aetrometals is another company which had no prior experience in 
supplying beryllium fastener stock. They offered to aupply material on a 
developmental, best efforts basis. In order to participate in the program, 
General Astrometals supplied a 48 inch sample of 3/4 inch round material. 
Berylco suggested three grades of beryllium, but one of these - a special 
forging grade - did not meet the minimum target requirements of 65,000 psi 
shear strength. 
strength grade used in the 1960 Air Force Program. 
oxide content of 1.2% maximum. 
cast material which would be extruded and drawn to the size needed for this 
program. 
One of the lots called PX-12 was to be a duplicate of the high 
This grade had a beryllium 
The third grade suggested was a low oxide, 
The mechanical properties were to be on a best effort basis. 
In addition to the straight beryllium grade, Berylco offered data on Lockalloy 
extrusions showing very low strength. Because of the high beryllium content, 
the same protective machining methods were required for Lockalloy while 
ductility and price remain the same as for standard beryllium grades, For 
these reasons hcka l loy  will not be considered for this program, but a constant 
watch wil l  be kept on the developmental advances of this new alloy. Some of the 
data on Lockalloy is in Table I. 
Berylco also provided some insight into their capability to supply high strength 
beryllium with some data from an A i r  Force Program, AF33(657)-271. 
program is for development of data on . 005  inch diameter wire, but some data at 
3/8 inch diameter i a  provided in Table II. 
This 
Brush Beryllium Company had nothing new to offer for improved beryllium 
fastener material. 
Laboratories 1961 Air Force program but with a guaranteed shear strength 
of 65,000 psi. 
They quoted on supplying material as used in the SPS 
4 
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C. BERYLLIUM FASTENER MANUFACTURERS 
At the beginning of this program several prominent aerospace fastener 
manufacturers w e r e  contacted to determine who w e r e  manufacturing 
beryllium fasteners and what  other information might be offered. 
firms contacted only the Precision Fastener Division of Standard Pressed 
Steel Co. quotes, makes and sells beryllium fasteners. The companies 
contacted we re : 
Of the 
Briles Manufacturing Co. 
E. Grand & Kansas Ave. 
El Segundo, California 
Comment - Do not plan to make and no experience. 
Camcar Division of Textron 
18th & Kishankee Ave. 
Rockford, Illinois 
R R. Blomberg 
Comment - Do not make now, but looking for possible 
future product. 
Hi Shear Corporation 
2600 W e s t  247th Street 
Torrance, California 
Mr. E. Hatter 
Comment - Do not make now or plan to in the immediate future. 
Standard Pressed Steel Co. 
Precision Fastener Division 
Jenkintown, Pa. 
Comment - Catalogue item 
Voi-Shan Manufacturing Co. 
8463 Higuera St. 
Culver City, California 
Mr. D. Anderson 
Comment - Not making now, but did in-house development 
3 years ago. 
D. FASTENER CONFIGURATION 
The only company that had beryllium bolts as a catalogue item w a s  the 
Precision Fastener Division of Standard Pressed Steel CO. 
hexagon head shear bolts and the 100" flush head bolt with either Torq Set 
or  Hi  Torque drive. 
covering diameters t o .  375 inches. 
These w e r e  
Figures 1 and 2 show the drawings of the bolts 
There are no blind bolts, semi-blind bolts, rivets or nuts available on 
the market. 
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E. MANUFACTURING O F  FASTENERS 
The most comprehensive evaluation of threaded fasteners fabricated 
from beryllium material w a s  conducted by Standard Pressed Steel Co. 
for the Air  Force under contract AF33(600)-39728 (Ref 1). Aside from 
t h i s  evaluation and some in-house work conducted by Standard Pressed 
Steel Go.,  the investigation showed that very little work has been 
concentrated in the a rea  of beryllium threaded fasteners. 
the reported results of the evaluation contained valuable information for 
the fabrication and testing of beryllium fasteners. 
following : 
Nevertheless, 
They included the 
Available materials 
Establishment of inspection methods for bar stock 
Establishment of manufacturing methods for ber ylliuw 
1. Available Materials 
There is presently available beryllium material which can be 
fabricated into fasteners. 
are on the order of 100,000 psi. 
Ultimate strengths of these materials 
2.  Manufacturing 
Standard manufacturing equipment was used for the fabrication 
of beryllium fasteners. 
of suitable exhaust systems to keep the toxic materials to a 
minimum in the work area. 
These were modified only by the addition 
NAS 464 configuration bolts were fabricated from Berylco HPA 
ground, extruded bar stock and Brush extruded QVM bar stock. 
a. Forging 
Optimum forging temperature for the forming of the hexagon 
heads was 1450'F to 1500OF. 
1450OF cracks were found in the head and often the head did 
not completely f i l l  out. 
1600°F the material burned, formed head cracks, and chipped 
on the hex corners because of oxidation. 
were the same as those for a steel NAS 464 bolt. 
At temperatures lower than 
At the higher temperatures above 
The forging dies used 
b. Machining 
Turning, center drilling, pointing and thread chasing were 
accomplished on a South Bend ten-inch engine lathe. 
carbide tools were used for these operations; and for the 
turning operation, a feed of 120 surface feet per minute w a s  
K-6 
6 
employed. 
chip removal required th i s  lower turning rate. 
the machining of beryllium presents no problem other than 
health hazards which are adequately controlled by proper 
exhaust systems. 
The speed could have been increased but optimum 
In any event, 
c. Grinding 
Grinding was accomplished on Brown and Sharpe Grinders. 
mens and bolts were ground on centers but without a coolant to 
facilitate dust collection by the exhaust system. 
was insufficient to cause cracking. 
ground using the mandatory safety precautions. 
Speci- 
The heat generated 
The material can be centerless 
d. Thread Rolling 
The rolling of threads on beryllium material w a s  accomplished 
without any difficulty in the fabrication of beryllium bolts. 
They would be definitely preferred over bolts with machined 
threads. The residual s t resses  induced by thread rolling 
greatly increased the mechanical properties of beryllium bolts. 
Thread properties were also markedly increased by increasing 
the root radius and decreasing the thread depth from 83 1/3% 
to 5570,. The tensile strength of bolts wi th  55% rolled threads 
w a s  5070 higher than 55% machined threads. The increase in 
fatigue strength for 1 /4 and 5/16 inch diameter fasteners is 
shown in Charts 1 and 2. 
Thread rolling of ground beryllium bolt blanks w a s  accomp- 
lished with an A-22 Reed Cylindrical Die Thread Rolling 
Machine employing three dies. Threads were formed by die 
pressure exerted on the ground blanks. 
was NAS 464 drawing. 
-quired because there w a s  no metal removal, just metal 
movement. 
The thread profile 
Dust collection units were not re- 
e. Surface Treatment (Etching) 
Surface treatment or etching of finished bolts greatly in- 
creased the tensile and shear strength and fatigue life. 
shear strength of unetched ground blanks w a s  20,000 pei 
compared to 60,000 psi for ground and etched blanks. Brittle 
failures were noted for unetched blanks, while ductile failures 
were noted for the treated blanks. Hence, the surface trkat- 
ment of finished beryllium bolts is a prerequisite for op- 
timum properties. 
w a s  a s  follows: 
Double 
The etchant used for surface treatment 
7 
1.  
I 
1 
100 grams chromic acid (anhydride) 
77 milliliters phosphoric acid 
10 milliliters concentrated sulphuric acid 
50% by volume w a t e r  
F. MECHANICAL PROPERTIES 
1. Double Shear 
The double shear strength of the shanks of beryllium bolts w a s  
over 60,000 psi, or more than 65% of the strength of the base 
material. 
of only 60% of the strength of the base material. 
per density basis the beryllium bolts were equivalent to alloy 
steel bolts of about 400,000 psi  and 4A1-4Mn titanium bolts of 
about 200,000 psi. 
Steel and titanium bolts have a double shear strength 
On a strength 
The program substantiated that the bolts had to be surface-treated 
to give a ductile double shear failure. The surface treatment also 
doubled the shear strength when compared to ground beryllium as 
shown in Charts 3 and 4. 
On a strength-to-weight basis,  the surface treated beryllium bolts 
were  1.6 times higher than titanium bolts with a 172,000 psi tensile 
strength and 2.6 times higher than steel bolts heat treated to about 
200,000 psi. In other words, beryllium fasteners would have to be 
replaced by titanium bolts weighing 1.6 times as much or by steel bolts 
weighing 2.6  times as  much to get the same strength in the transverse 
direction. 
2. Tensile 
The ultimate tensile strength of the beryllium bolts was over 
70,000 psi wi th  failure occurring at the thread runout. The strength 
of the bolts exceeded 70% of the strength of the base material. This 
is acceptable for shear configurations. There is no evidence avail- 
able to indicate that the 70% proportion would hold true for stronger 
beryllium materials. The tensile strengths of NAS 464 configuration 
bolts fabricated from Berylco HPN and Brush QVM beryllium are 
shown in  Charts 5 and 6. 
inum hexagon nuts. 
The bolts w e r e  tested with 2024-T4 alum- 
On a strength-to-weight comparison, the beryllium bolts exceeded 
the ultimate tensile strength of similar c mfigurations of titanium 
by 10% and steel by over 6070. This is shown in Tables III and IV. 
However, it should be noted that tension bolts fabricated from 
beryllium would not be recommended at this time because of the 
high degree of notch sensitivity for this  material. 
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3. Fatigue 
The fatigue endurance limit of the beryllium fasteners was 45,000 
psi  for the Berylco bolts and 50,000 psi  for the bolts fabricated 
from Brush material. 
20,000 psi for steel bolts. 
This compares to 60,000 psi  for titanium and 
The endurance limit of beryllium w a s  twice titanium and nearly 
ten times steel when compared on strength-to-weight ratios. 
means twice  the weight  of titanium and ten times the weight of 
steel would be required to  get the same clamping force as provided 
by beryllium fasteners. 
This 
These results a r e  in Charts 7 and 8. 
The S-N curves, shown i n  Charts 9 and 10, on beryllium fasteners 
are very flat and indicate a wide variance of results above the 
endurance limit. Since i n  most cases the load level above the 
endurance limit exceeded the yield point of the bolt, wide scatter 
would have to be expected. The use of beryllium fasteners would 
have to be confined to loads under the endurance limit to get high 
reliability. 
4. Torque -Tension 
The load induced'in the beryllium bolts for a given torque w a s  less 
than that induced in steel o r  titanium bolts. Charts 11 and 12 show 
the torque-tension curves for two sizes of beryllium bolts. 
5. Ductility 
The base beryllium material exhibited little longitudinal elongation. 
The Brush material had 370 and the Berylco had 6. 5%. This is less  
less  than desirable for full control during forging. 
of area w a s  5.6% for  theBruah material and 10.0% for the Berylco 
material. 
The reduction 
The two factors, elongation and reduction of area, together indicate 
that beryllium is a brittle material. 
inherent in the material, extra precautions had to be taken in man- 
ufacturing and testing the bolt. 
Because of the brittleness 
G. INSPECTION METHODS 
1. Bar Stock 
For incoming material, the two most successful methods consiste'd 
of fluorescent penetrant inspection and dye penetrant inspection with 
the former proving the easiest and best method. Very tight cracks 
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could be determined by these methods. 
a surface treatment of a light etch prior to inspection. 
to remove any material that may  be covering defects such as 
cracks and seams since the metal beryllium has a tendency to 
smear during machining. The etchant used w a s  the same as 
that listed under surface treatment. 
were as follows: 
Both methods require 
This is 
The inspection processes 
a. Fluorescent Penetrant Inspection 
1. 
2. 
3. Clean off solvent 
4. 
5. Dry 
6. Inspect under black light 
Etch.  003 inches per surface 
Dip in solvent for 25 minutes 
Dip in developer for 10 minutes 
b. Dye Penetrant Inspection 
1. Etch .003 inches per surface 
2. Coat piece with red visible penetrating dye 
(Met - L- Chek E 1 50) 
3. Set for at least  25 minutes 
4. Remove dye wi th  dye remover - emulsifier 
5. Wipe  completely dry 
6. Spray with light coat of spirit developer 
7. Check for red indications on white surface 
2. In Process Inspection 
All critical dimensions were inspected after every operation. 
Extensive tests were made after forging because of the metallurgical 
changes introduced by forging. These tes ts  were :  
a. Fluorescent penetrant inspection. The post emulsification 
method to expose any cracks developed during forging. 
b. Macro examination of metal flow characteristics. 
c. Micro examination of grain structure at head area. 
3. Final Inspection 
Upon completion of manufacture, the bolts were inspected for 
dimensional conformance to appropriate drawings particularly the 
threads for a Class 3A f i t .  Finally, the bolts were checked for 
cracks by the fluorescent penetrant method. 
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SECTION IV 
PROBLEM AREAS AND PLANNED APPROACH 
FOR SOLVING PROBLEM AREAS 
A. PROBLEM AREAS 
The anticipated problems expected to be encountered w i l l  be threefold: 
1. Selection of Beryllium Material for Suitable Fastener Application 
Although beryllium materials have been successfully fabricated 
into fasteners in the past, beryllium materials of different mill 
heats but with the same composition and process, historically 
exhibit different mechanical properties and forming characteristics. 
Therefore, process controls wi l l  have to be established to insure 
uniformity of fastener materials. 
would be used to fabricate fasteners. 
The most promising material 
2. Development of a Beryllium Prestressed Fastener System 
The manufacture of beryllium threaded fasteners had previously 
consisted of only hexagon head and flush head shear type bolts. 
Semi-blind bolts with a hexagon recess  at the thread point for 
driving purposes have never been manufactured. It is anticipated 
that the main problem in the fabrication of a beryllium point drive 
bolt w i l l  be the development of an optimum configuration for the 
hexagon recess. 
twist-off nut wil l  go hand in hand with the recess design. 
In addition, the development of a companion 
3. Development of a Beryllium Blind Fastener Assembly 
Because of the notch brittleness and poor ductility of beryllium 
material, the standard configurations and methods employed for 
the manufacturing of blind fasteners would not be feasible. 
sequently, a reliable beryllium blind fastener employing components 
other than beryllium will have to be developed. 
Con- 
B. PLANNED APPROACH FOR SOLVING PROBLEM AREAS 
1. Materials 
The contract calls for a minimum of three grades of beryllium 
material to be evaluated for prestressed fasteners and blind 
fasteners with minimum properties of: 
Ultimate strength - 75,000 psi  
Shear strength - 65,000 psi 
Endurance limit - 45,000 psi 
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1 '  
Because the economics a r e  favorab 
four grades of beryllium material. 
would consist of: 
e, i t  is proposed to procure 
The materials and suppliers 
a. P X  12 Extruded Rod - Beryllium Corporation 
This material showed favorable properties in prior programs. 
It would be ordered in 485 inch quantities which would be suf- 
ficient for all work in  Phases I1 and III. 
b. QMV S-200C Extruded Rod - Brush Beryllium Company 
This material would be supplied with a guaranteed 65,000 psi 
minimum shear strength. 
used successfully in a prior program. 
It would be the same type of material 
C. Grade 3.0 - Beryllium Metals and Chemical Corporation 
This material showed favorable properties when tested at  SPS. 
The procurement of this material would consist of a 100 inch 
quantity which is now available on the shelf. 
d. GB-2 - General Astrometals 
General Astrometals offered a f ree  sample of 48 inches of their 
material for inclusion i n  the test program. 
and tested wi th  theother materials. 
It will be accepted 
2. Development of a Prestressed Fastener System 
The prestressed fastener assembly to be investigated will be that 
shown in Figures 3, 4, and 5. Other than the development of an 
optimum design for the hexagon recess and the establishment of 
twist-off torques for the aluminum nut, no major problems a r e  
expected to be encountered. 
3. Development of Blind Fastener System 
a. Design Alternatives 
The technical proposal outlined several  configurations of blind 
fasteners that were to be considered in this program. ' Common 
to blind fasteners in general a r e  two basic methods of operation. 
First, a portion of the fastener wil l  expand o r  deform radially 
in order to form some type of head on the blind side of the 
structure. 
when the required seating load is reached. This nature of 
Secondly, a portion of the fastener will break off 
12 
ins tallati on pr e sent s sever a1 di s advant ag es  when cons ider ing 
beryllium as a blind fastener material. Basically, poor ductility 
precludes the use of beryllium as the deformable member. Cost 
of the beryllium, combined with low ductility, reduces the advis- 
ability of using the standard "breaking off" method of installation 
for a beryllium core bolt. 
of using other materials in conjunction with beryllium for the ' 
blind fastener. Since a primary objective in this program is to 
effect a weight reduction, low weight materials which have 
reasonable strength and ductility must be considered. 
num seems to possess these qualities and therefore will be 
considered initially. 
and "Lockalloy" willbe considered for possible elevated 
temperature work. 
to an aluminum-beryllium blind fastener for low temperature 
usage. 
Therefore, the necessity ar ises  
Alumi- 
Other materials such as stainless steel 
This portion of the program will  be devoted 
b. Design Choice 
Aluminum in i ts  strongest condition does not possess maximum 
ductility. 
tility and high strength. High strength is required in the shear 
plane and in the deformed area  there is need for maximum 
ductility. 
conclusion that the best possible blind fastener system would 
consist of a three -piece as s embly. 
have maximum ductility whereas the sleeve can be made with 
the highest strength. Figures 6 and 7 illustrate several repre- 
sentative blind fasteners. Based on the preceding discussion 
and the following criteria, it  can be seen that the configuration 
shown in Figure 7 is the most logical choice. 
Yet i n  the blind fastener there is need for both duc- 
A logical continuation of this reasoning leads to the 
The deformable portion will 
C r it eria: 
(1) Light weight 
(2) High strength 
(3) Maximum temperature usage 250" F 
(4) No part of the beryllium fastener should be broken off -- due 
to high material cost of beryllium, 
Criterion #4 would, at f i rs t  thought, rule out the configuration 
described in Figure 6. 
possible to change to a point drive with an internal hex recess 
as shown in Figure 8, thus eliminating the necessity of breaking 
off the end of the beryllium bolt. 
by choosing 7075 T6 aluminum for the sleeve material. The 
question remaining is what material should be chosen for the 
collar ? 
However, in this configuration it is 
Criterion #2  can be satisfied 
13 
The collar is basic to the operation of the blind fastener that is 
described in Figure 8. 
be answered pertinent to the collar. 
There are several questions that should 
(1) Can the collar be expanded? 
(2) What is the collar column strength? 
(3) W h a t  is the proper design of collar and sleeve lead angles? 
Candidate materials of 2024-T4, 2014-T4, and 7075-T6 aluminum 
would be evaluated to answer these questions. 
14 
SECTION V 
PROGRAM SCHEDULE 
The schedule for the remainder of the program will be as shown in 
Figure 9. 
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TABLE I 
MECHANZCAL PROPERTIES OF LOCKALLOY EXTRUSION ON 
DATA SUPPLIED BY BERYLLIUM CORPORATION 
Reduction 
Ratio 
6: 1 
40: 1 
40: 1 
35: 1 
34: 1 
34: 1 
45: 1 
13:l 
Ult. Strength Yield Elongation 
Condition KSI KSI % in 1" 
1100°F - 12 hrs. 
As Extruded 
1100°F - 24 hrs. 
1100°F - 24 hrs. 
As Extruded 
l l O O O F  - 12 hrs. 
1100°F - 25 hrs. 
1100°F - 24 hrs. 
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42.0 
75.0 
61.6 
46. 8 
66.5 
57.0 
62.5 
57. 8 
27.0 
73.0 
48.0  
39.1 
58.0 
41 .0  
44 .8  
39.4 
8.0 
3.0 
10.0 
2 .5  
12.'0 
18.0 
13.5 
15.5 
TABLE I1 
- 
MECHANICAL PROPERTIES OF EXTRUDED 3/8 IN. DIAMETER ROD 
Data From Beryllium Corporation Contract AF33(657)-11271 
Extrusion 
Number 
PX-3- 339 -79 
PX - 3 - 3 39 -79 
PX-3-338-80 
PX - 3 - 3 38 8 0 
PX-3AF1-82 
PX-3AFl-82 
PX-3-249 1-76 
PX - 3-249 1 - 76 
PX - 3-86 1 48  
PX-3-86148 
PX-3-86148 
PX-3-2515-77 
PX - 3 - 2 5 15 - 77 
PX- 3 - PECH-96 
PX-3-PECH-97 
PX-3-PECH-97 
U. T. S. 
Identity (PSI) 
Cast (2A) 36,600 
Cast (2A) 48,400 
Cast (2A) 43,800 
Cast (2A) 43,200 
Cast (2A) 48,100 
Cast (2A) 45,000 
Low Oxide (2B) 94,700 
Low Oxide (2B) 95,100 
Low Oxide (2B) 88,600 
Low Oxide (2B) 85,300 
Low Oxide (2B) 91,800 
Select Standard (2C) 102,000 
Select Standard (2C) 102,400 
Pechiney SR (2D) 96,800 
Pechiney SR (2D) 88,200 
Pechiney SR (2D) 98,300 
Y. s. 
(PSI) 
30,500 
32,100 
32,400 
33,400 
32,100 
31,100 
45,900 
46,400 
42,300 
44,300 
50,400 
51,500 
51,600 
50,800 
51,800 
43,000 
Elongation 
% 
4. 15 
1. 67 
1. 26 
1. 12 
1. 82 
1. 33 
14. 51 
14.08 
14. 57 
8.21 
13.57 
13. 70 
11.90 
10.26 
5. 19 
12.91 
20 
TABLE 111 
COMPARISON OF ACTUAL MECHANICAL PROPERTIES OF BERYLLIUM 
BOLTS TO STEEL AND TITANIUM BOLTS OF NAS 464 CONFIGURATION 
Berylco Beryllium Bolts 
Beryllium Titanium 
Bolt Tensile - PSI 78,000 
Bolt Yield - PSI 46,400 
Bolt Shear - PSI 72,000 
Specimen Tensile - PSI 110,000 
Specimen Yield - PSI 59,000 
Specimen Elongation 70 6. 5 
Specimen R of A 70 10.0 
Fatigue @I 83,000 PSI - cycles 
Endurance Limit - PSI 45,000 
- 
172,000 
141,000 
108,000 
153,000 
125,000 
16 
40 
115,000 
60,000 
Brush Beryllium Bolts 
Bolt Tensile - PSI 
Bolt Yield - PSI 
Bolt Shear - PSI 
Specimen Tensile - PSI 
Specimen Yield - PSI 
Specimen Elongation 70 
Specimen R of A % 
Fatigue @ 83,000 PSI- cycles 
Endurance Limit - PSI 
Beryllium 
7 3 ,  800 
37,300 
40, 800 
86,000 
41,000 
3.0 
5.6 
50,000 
- 
21 
Titanium 
Steel 
200,000 
180,000 
116,000 
178,000 
156,000 
17 
52 
22,000 
20,000 
Steel 
172,000 
141,000 
108,000 
153,000 
125,000 
16 
40 
115,000 
60,000 
200,000 
180,000 
116,000 
178,000 
156,000 
17 
52 
22,000 
20,000 
TABLE IV 
COMPARISON OF MECHANICAL PROPERTIES ON STRENGTH-TO-WEIGHT 
RATIO OF BEXY LLIUM BOLTS TO STEEL AND TITANIUM BOLTS OF 
NAS 464 CONFIGURATION 
Results in s t ress  /density units 
Beryllium Density .066 pounds per cubic inch 
Titanium Density 16 pounds per cubic inch 
Steel Density .28  pound8 per cubic inch 
Beryllium Tensile Strength 78,000 psi 
Titanium Tensile Strength 172,000 psi 
Steel Tensile Strength 200,000 psi 
Berylco Brush 4A1-4Mn 
Beryllium Beryllium Titanium Steel 
Bolts Bolts Bolts Bolt8 
Bolt Tensile Ratio 1,182,000 1, 118,000 1,074,000 715,000 
Specimen Tensile Ratio 1,666,000 1, 348,000 956,000 635,000 
Bolt Shear Ratio 1,100,000 922,000 675,000 4 14,000 
Endurance Limit Ratio 682,000 834,000 375,000 71,500 
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Figure 6 . Representative Blind Fasteners. 
Figuro7. Huck Typc? Tau 
Blind Bolt. 
2 9  
Aluminum 
Structure 
Collar 
Core Bolt 
Sleeve 
L H e x a g o n  Drive at Bolt Thread Point 
Figure 8. Proposed Blind Fastener System to be Evaluated 
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